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UNDERGROUND GASIFICATION OF COAL IN USSR

Stefan Rosinski, Zygmnt Sobezyk
Kazimierz Tomkow, Chem Engineers

INTRODUCTION

There is very little literature in Polisgh on the p:oblem of underground - T.28
ification of ::al.(1, 2, 5, 6) To 7111 this €8p, information has been gathered
concerning this subjest on the basis <f available literature. (3, 4)

Underground gasification of ~.al ia applied on an industrial scale in the
Soviet Union only. The Soviet Union 1s ahead of other countries in the develop-
: wment of this method of utilizing coal, and has long since gone beyond the ex- .
v perimental stage in the use of thigs method. Only recently was experimental work :
begun in the US, Belgium, and Italy, (5, 6, 10)

The underground gagification of coal 12 the name of the process of com-
Dplete conversion of the organic matter of coal deposits into a ¢as containing
combustidle cowponente, without removing the coal from the deposit. In some
cases, additional equipment 18 uged for the separation of tar-like substances
derived from the partiasl degasification of the coal. Gasification may be ac-
complished with the aid of air, a mixture of air and steam, air enriched with

\ oxXygen, &nd & mixture of oxygen and steam, This process takes place under pres-
sure approximeting that of the atmosphere. The gas obtained is composed of the
products of gasification and degasification of coal, and also of carbon dioxide y
vhich 18 forced during the oxidation of the coal substance. The theoretical

lorific value of the gas ia about 2,800 kilocalories per cubic meter. It is
ut 1,350 kilocalories per cubic meter with the application of oxygen, and
8 \kilocalories per cubic meter if air is used,

Underground gasification of coal opens new ways for the utilization of
coal, especially where the usual nining methods are either diffieult or un-
oconomical., Thie methed would therefore be spplied primarily to deposits
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of poor-quality coal, to thinm, ‘steeply dipping layers, to deposits with a
tenaency toward spontaneous combustion , and deposits containing large quantities
of roeck.

The investment coets of an underground gasification plant are placed at
sbout 60-70 percent of the expense of building en ordinary generating station )
and consist mainly of the installation of blasting equipment and power supply
equipment. Costs for production of gas by the underground gasification method
are placed at 25-30 percent of those for generator gas, because of lower invest-
ment, operation, and labor costs.

EISTORICAL DEVELOPMENT OF THE PROCESS
OF UNDERGROUND CCAL GASIFICATION

The idea of underground coal gasification was first proposed by the famous
Russian scientist D. J. Mendeleyev in 1888, In 1912, W. Ramsey, undoubtedly in-
formed about Mendeleyev's work, also became an advocate of this idea. At the
end of the Revolution in Russia, the poesibilities of such underground coal gas-
ification began to be considered, and on the basis of directives given by the
Bupreme Soviet USSR, & commission for problems of underground gasification was
set up under Glavugol' in 1931. 1In 1932, the construction of the first experi-
mental station was begun in Lisichansk, In 1933, an underground gas generator
vas built in the Moscow Basin. An All-Union Podzemgaz bureau was algso created
in 1933 to coordinate all the work connected with underground coal gasification
and to direct the work of the existing experimental stations. In 1936, the work
passed from the experimental atage to spplicaetion on a semitechnical scale. In
that year, Podzemgaz already employed 1.500 workers, including 150 specialists.
In the period from 1933 to 1939 » three differeut methods were applied s depending
on the types of soal deposit, and positive results wvere obtained. Parallel to
the work of the experimental stations, work was conducted at the Acsdemy of
Bciences USSR and the thbe Donete Scientific Research Coal Institute, investigat-
ing the chemical and physical processes accompanying underground gasification.

METHODS OF UNDERGROUND CGASIFICATION
AND CONSTRJCTION OF UNDERGROUND GENERATORS IN THE USSR

The methods of underground gesification used thus far may be classi®ied as
followsa:

Shaft Methods Drilling Methode
Gasification with crush- Irill methed
ing the coal layer Filter method

Gasification without
crushing the coal layer
Flov method

The shaft methods require a certain amount of preparatory underground mining
operations, which are sometimes extensive. In the drill method, openings are
merely drilled from the earth's surface to the deposit.
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Gasification With Crushing the Coal Layer

This method, mainly of historical importance, wes one of the first applied,
and was carried out by engineer I. Kirichenko in Lisichansk. The principle of

. this method 15 given in Figure 1.
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Figure 1. Diagrem of the Underground Gasification of Coal by the Kir-
ichenko Method

A block of coal A was separated from the layer. It was bounded by the de-
cending shaft 1, the ventilation shaft 2 apd the fire shaft 3. The shafts 1 and
2 were connected by the tunnel 4. The block was separated from the neighboring
coal by & strong rogl. wall g, Through the pipes 5 a blast of air and steam was
sent to the nozzles 6, which were located in the tunnel k. The nozzles reached
into the igniting tunnel 7, where wood was initially placed and ignited under a
weak blast, The gases that were formed passed to the shaft 8, and hence to the
fire tunnel 9. Through the fire shaft 3 the gases reached the earth's surface,
The crushing of the layer occurred in the course of the block's burning as a
result of explosions of charges of powder vhich was previously placed in the
openings 10, driiled parallel to the diagonal of the bdlock. In the case of Pro-
fessor Fedorov's proposal, the explosions did not occur as & result of the block's
burning, but were ignited electrically from the earth's surface. In the experi-
ments in Shekhty and the Moscow Bagin, the go-called chamber method was used
(according to Kuznetsov's method).

In this case also, a block of the coal layer was isolated by means of a
wall, and the air and gas tunnels were placed on both sides of the block.

Figure 2 is a disgrem of the installations used for production by the cham-
ber method. Beveral chambers are made in the layer, each filled with coal that
has been crushed by explosives, These chambers are connected with parallel tun-
nels which serve to supply air and take off the gas.
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Figure 2. The Chamber Method of Underground Gasification

This method was &pplied in Bhakhty for over 2 yerrs. The course of the proc-
€88 wes studied with chambers of varying dimensions » variously placed in the
layer. Fuel gas was obtained in varylng quantities, depending on the conditiong
of underground gasification. Thisg ges had the following composition and prop-

erties:
Table 1
COp ci, Hy co Ny Calorific Value
—— —— — [e— — e e e, A Y
12-18% 1-2% 6-12% 10-19% -- 730-1,100 kcal/cu m

Table 2 presents the percentags composition of gas produced continuously
over a 2-week period ; under the game conditions.

Table 2

E)a C_O _H2 E&i ivla Calorific Value

12.6-18.0% 11,5-30.2% 15.0-24.1% 0.3-1.8¢ 33.4-5k.5¢ 1,080-1,720 keal/cu m

The production costs was given as one fifth of the costs of gas generated
by the usual method. In the above-mentioned methoas » the authors attempted to
creste underground cond4tions approximating those used in ordinary gas-generat-
ing processes (a loose layar of €oal); 1t mppeared, however , that underground
conditions, made thig lmpossible. As coal gasific. tion and burning proceeded B

' vacant spaces were formed which failed to £111 up either with waste rock or
with coal loosened by the explosions. Numerous crevices and passages were
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formed, through which part of the air escaped from the gasification area. Part
of the air was thus coupletely, lost, and part entered the fire tunnel, where
it caused the burning of the gas, insofar as gas was formed at all,

Gagification Without Crushing the Coal Layer

In the Moscow Basin ; 8n attempt was made to gasify an uncrushed block of
coal over 9 meters in width and containing over 250 tons of coal, Natural crev-
ices and the deposit were utilizeq for the passage of the gas.,

The block was ignited and the blast was introduced through the inside of
the 1soclating wall, while the &as was received through the opposite wall. Tt
turned out that the isolation was faulty, and the burning process was unusually
slow, so that after 2 weeks only a small portion of the block destined for
gagification had been consumed. The gas contained less than 10 percent carbon
monoxide, and 10-14 percent unused oxygen.

Another attempt to g88ify an uncrushed block was made in the Kuzbass. This
block, isolated from the Temaining coal, was about 18 meters long, 7 meters wide,
and 4.5 meters thick, and contained over 1,000 tons of coal. A tunmel vas made
to run along the length of the layer, and wes connected with the earth's surface
by two ghifts, one for supplying air, and the other for receiving gas, The coal
in the tunnel wasg ignited, and a blast of air of about 3,000 cubic meters per
hour was applied. No oxygen wag added. Gasification was conducted under con-
stant conditions for 30 days, during which over 200 tons of coal were gasified,
Table 3 gives the percentage composition and tle calorific value of the gas ob- B
tained,

Table 3

& ﬂ ‘H_Q Sf—) Ny Calorific Value

10-15%  13-356  10-55% 5-10% 10-40%  2,200-k,400 kcal/cu m

After 30 days, one level of the tunnel collapsed but the production of
gas vas continued . The experiments were complete when the entire block was
burned. This test showed that under the conditions described above s only degas-
ification of coal took place, after which coke was left underground.

The 2low Method

8kav, Matveyev, and Filipov, workers of the Donets Scientific ResearchCoal
Inatitute, developed a method which differs considerably from those hitherto de-
scribed, and which was employed in 1934, This method has been uged in Gorlovka
since 1935 on an experimental scale, and since 1938 on an industrial scale, with
considerable success., The principles of this method were covered by two Russisn
patents of 1935 and 1938, and have been made avallable in many publications.
The diagram of an instsllation operating by this method is shown in Figure 3.
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Flgure 3. Gasification by the Flow Method

Two or more slopes running elong *he elevation of the layer {the diagram
shows four), over 60 meters ip length and having a diameter of &0 centimeters,
are spaced about 90 meters from each other, and are connected at the botton by
a horizontal tunrel A,

On the left side of the drawing, a rectangular block of coal is 8seen,
separated from the rest of the deposit and ready for gasification. The shafts
B and C connect the glopes with the earth's surface. The test blocks contained
from 11,000 to 12,000 tons of coal; the gredient was 75-80 degrees, The coal
is ignited in the -tunne} A. Air, whizh may be enriched by oxygen, 1is brought
in through the shaft B, The rising gases are carried off through the shaft C.
The coal layer undergoes gasification along the tunnel A, after which the re-
action ares slowly moves through the layer. The ashes, and waste rock drop,
and accumulate beneath the reaction area, This 8ssures the maintenance of the
fire head in a state free from ashes, and an easy access of air to the re-
action area, as rocks drepping from the roof cannot prevent the air from reach-
ing the coal destined for gasification., The blocks are usually 90-180 meters
wide, In the case of blocks of greater width, it 1e desirable 10 space the
shafts 90-140 meters from each other, so that eventually the deposits is di-
vided into a number of sections which are exploited simultaneously. The
authors state that this method should prevent blockages due to the collapse
of the roof. On the right in Figure 3 is shown a block of coal after under-
going a certain period of gasification. In the fire tunnel A, three zones
should be distinguished. Figure 4 shows the course of the reaction in an experi-
mental block 7.5 meters wide. Air without additional oxygen was used for the

blast.
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Pigure 4, The Prin:iplez cf the Flow Method, ard Gas Compoeition

In the first zene, the 80-called fire zone, which is about 2 meters in
width, coal 1s oxidizead to carbon dioxide; the high oxygen content of the blast
makes it imposeible for ¢arbon monoxide o hydrogen to be formec here, There-
fore, fuel gas is not yet formed here. In the next zone, the go-called reduc-
ing zone, the reduction of carbon dioxile to carbor monoxide occurs, and con-
siderable amounts of hydrogen are also formed ; depending on the moisturs con-
tent in the neightoring layers and in the coal, and on the degree of degas-
ification of the unburne3 coal.

In the third 2one, the sc-called degasification zone, the carbon dioxide
content of the gas undergoes no further change, but the 828 1s enriched by the
degasification of the ccal front. The largest amount of coal is burned in the
firat zone, and it is therefore neceszary to change the direction of the blast
reriodically to prevent asymmetrical burning out of the block., The gresatest
advantage of this method is the zmall amount of preparatory underground work,

The flow method was tried out in Goerlovke. From the tige when cheaply pro-

Queed oxygen began 1o be used at this station, intensive studies have been

made with an oxygen-enriched blast. The most satisfactory results vere ob-

tained with a blast contalning 27-30 percent oxygen. The composition of the

gas under those conditions is shown in Table b, .
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10-12¢  23-27% 12-154 2-3% 347 1,000-1,300 kcal/cu m
' by measurement

1,170-1,460 keal/eu m
by analysis
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The blast was applied under & pressure of 3.5 atmospheres, Higher pres-
Sures gave poorer results, During one of the accidents, which caused tempor-
ary interruption of the Process, the important observation wvas made that gas
recelved in the abgence of an air blsst contained 60-T0 percent hydrogen,
while the nitrogen content was only 15 percent, This phenomenon was uti]-
ized in later operations, by alternating the periods in which the blast vas
applied with periods without the blast, The periods vere of 4-6 hours' dura-
tion. Under thesge conditions, a daily output of about 25,000 cubic meters
(two thirds of the total) of gas having a caloric value of 1,000-1,300 kilo-
calories per cubic meter was obtained, plus 12,500 cubic meters (one third of
the total) of gas rich in hydrogen. The authors State that the process had
“nd even course. Over an 18-month period of continuous production, a total
of 9 million cubic meters of gas vag produced, of which 7 million had a caloric
value of 1,080 kilocalcries per cubic meter. Figures 5 and 6 present the gas
couposition and output cbtained with alternating 4~ and 6- hour periods. The
diagrams show the 8as composition in the periocds vith and without blast. Dur~
ing these tests, the blast used was ot enriched with oxygen,

uso
1.’2‘1——[’”1 l =1
\ N1 .
10 A&
5 \
,;JO v \ —
Em S Fani\L
]t .
A o o
S “
1
Sol [ |
N0 s o2 03 4 S € 7 8 $Kours

L—A-—-LNE—J

A-With blast
B-Withowt blast

Figure 5. The Gas Composition in Relation to the Blast Periods in the
Flow Method .
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Gas rich in hydrogen was obtained in the

002

-

20.3%

Sheklin, Semenov, and Galinker

was not applied., The 8as composition is glven

4 3 Bovu

Relation to the Biast Periods

b-hour period 1n which the blast
in Tsble S,

Table 5
co R CH N Calorific Value
— 2 4 = e
11.7% Ly g -- 23.3% 1,600 keal/eu m

Present the precentage compogsition of the

ges obtained when a blast containing 35-percent oxygen 1s used. The gas com-

position during the nonblast period 1is given in Table 6 » 8né during the blast
period, in Table 7, ;

co 5, cE, ¥,
15% bop g 14%

Table 7
co 52. CH“b N2

15% 20% 3% Lhg

Calorific value
—_——

2,090 kcal/eu m

Calorific Value
—_—_—

1,220 kcal/cu m
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. The occurrence of the 8e8 rich in hydrogen is explained by the diffusion
of hydrogen during the blast perlod into the crevices in the coal and the ag-
Joining rocks, and its subsequent 1liberation when presswe diminishes after
the blast 1s discontinued, In 1936, no steam wes added to the blast in Gor-
. lovka. Later, hovever, a blast composed of oxygen-enriched air and stean was

applied, which resulted in a gas with calorific value of 2,620 kilocalories
per cubic meter, After purification, its calorific value increased to 3,020
kilocalories per cubic meter,

The Drill Method
—oos kthod

During the experiments in Lisichansk, it was established that the gas8 ob-
tained was of poor quality as & result of poor air circulation. To obtain gas
with a calorific value of 1,300-1,800 kilocalories ber cubic meter, the gas
has to be received through passages leading from the reaction area to the
earth's surface. The best gasification conditions obtain if the drillings
reach the inside of the layer, which csuses the coal located between the two
bottom outlets of the shafts to be gasiffed to a great extent. During the
experiments on the Lisichansk block, conducted by the Donets, Scientific Re-
search Coal Institute, the burning was begun in an opening drilled into the
coal, into vhich air was blovn. The coal forming the walls of this orening

opening does not increase to Several times 1ts original dimensions. On the
basis of the above cbservations, the 8o-called drill method was developed.

The application of this method necessitates the construction of two
parallel tunnels, running lengthwise along the layer and serving to introduce
the blast dnd to receive the gas. The tunnels are connected at right angles
with a large number of parallel drilled openings, each 10 centimeters in di-
ameter,

These openings cut across the entire width of the strip lying between the
two tunnels, which run lengthwise, The tunnels are connected with the earth's
surface by two shafts 60 centimeters in diameter, one for introducing the
blast, and tlie other for receiving the gas. The length of the drilled open-
ings was limited by the range of the drilling equipment to a maximum of about
100 meters. These openings are drilled at S-meter distances from each other,
and are equipped with valves at the entrances and with 1ron braces at the
exits. For opening the entrance valves and for electrically igniting the
coal in the openings, remote-control equipment 18 installed. The openings are
ignited either congecutively or in small groups. The process is 8o conducted
a8 to gasify the maximum possible amount of coal, while maintaining an even
flov of gas. Figure 7 shovs this kind of arrangement, containing a central
blast tunnel and two gas-receiving tunnels placed at the two outer sides of
the block,

- 10 -
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Figure 7. The Drill Method

Figure 7 also shows two openings that have alresdy been gasified and twvo
others in the prccess of gasification., fMnis gasification method and similar
ones which may be regarded as intermediate between the drill and flow methods
have been succesafully applied in 1isichansk and in the Kuznetsk and Moscow,
basins. This method is rarticularly advantageous for horizontal deposits, or

. ones with only a slight dip, espesially where the roof 1s porous. Zuravlev

- proposes that the tunnels be pPlaced not in the layer itself, but efther above
or below the layer, The data concerning the application of this method in the
Chelyabinsk area state that 2 cubic meters of gas, with a calorific value of
1,500 xilocalories per cubic meter, were obtained per kilogram of coal. Be-
cause of the necessity for considerable preparatory underground work, the drill
method 15 recomended only where other methods fail. This method was applied
in Lisichansk, and operated in such & way that an air blast was alternated with
8 steam blast at 20-minute intervals.

Table 8
o e 200 Yo
21.9% 15.0% 50.1% 5.4 7.0%
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The aversge calorific value of the gas was 2,200 kilocalories yer cubic
neter, and the ce.lorific value computed on the basis of analysis was 2,330
k{loéalories per cuble meter. The composition of generator gas and of vater
888 obtained in this process 18 presented in Table 9.

Table ¢

co, 02 co H CHy, Nz Calorific Value

-2 = - = — —£ T Tue

Gongrator ges 11.04 0.2% 12.0% 12,04 5.0 59,84 940 kcal/cu m
Vater gas 23.6% 0.0% 1k.04 bh.54 5,84 11.8% 2,060 kcal/cu m

The Filter Method
——c=_%0r Nethod

The above method was broposed by the Power Engineering Inatitute of the
Acadeny of Sciences USSR after investigating the Moscow Basin'lignite deposits,
vhen it eppeared that ; under certain conditions, they were sufficiently per-
meable for gas., This method 1s based on the pbenomenon that » vhen hested, the
lignite shrinks and forms cracks which permit the passage of gas. Advantage is
taken of tais Phenomenon in the filter method of gasification. The method con-
sists of drilling from the earth's surface a mumber of openings arranged in con-
centric rings spaced 18-37 meters spart, or arranged in Some other regular
pattern (see Pigure 8), '

Blos+ ‘A !

(a)

B9 W ¢ o (b)

I ;
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he lignite on the bottom of the drilled opening (No 1) 18 ignited elther
electrically or by means of throving down glowing charcoal. Burning is main-
tained by supplying air or oxygen through a centrally placed pipe A.

. Initially, the products come up through the outlet B. Then, after the
lignite layer 1s heated and cracks and crevices are formed ; 1t becomes possible
for the gas to pass to the neighboring drilled opening (No 2), in which the
lignite has been ignited in a manner similar to that used in No 1. Figure 8
i1llustrates the flow of the gas. As BSoon &8 the lignite located between the
two openin~s is gasified, No 2 1s shut, and the pext opening, No 3, is put into
operation {(Figure 8b),

In this manner, the entire drilling area should be completely exploited.
The Moscov Basin underground gasificstion station, put into operation in 1938,
is still operating by this method. The gas produced has a calorific value of
900 kilocalories per cubic meter, with a composition as given in Table 10.

Table 10
®, SO W
14-169 8-10% 1% 17-20% 2%

Cexrtain modifications of the above method were later proposed. For in-
stance, Yefremenko and Talizhin describe a method wherein three concentric
rings of openings reach into the coa. layer. The heads of the individual
openings are connected within each ring. Air is forced into the center ring
under a pressure of 5 atmospheres, while oxygen 1s forced into the outer ring
under a pressure of one atmosphere. The authors state that the cost of all
preparatory labor is only 15-20 percent of that of other methods. Various in-
termediate methods between the filter and flov methoda vere proposed for level
layers, in vhich the flow method alone cannot be used because of the danger of
the roof collapsing. For iritance, Lavrov, Farberov, and Pitin have proposed
o method in vhich the openings are arranged in a checkerboard pattern. The
fleld to be gasified 1s divided into squares by vertical openings drilled from
the surface to the layer, and these are subsequently connected by horizontal
drillings. Chukhanov and Sakhaydak describes & set of shafts connected vithin
the layer by horizontal drillings. The gasification is started by the flow
uethod, using a horizontal opening as the fire tunnel, When the horizontal
openings become blocked by falling rock, ashes, and slag, the gasification is
not interrupted, as the adjacent coal is sufficiently cracked and porous to
permit the continuation of the process by the filter method.

TECHNICAL PROBLEMS IN UNDERGROUND COAL GASIFICATION

Drilling Methods

Much attention has been given to devising methods by which the necessary
underground preparations could be made without resorting to actual underground
labor. The drilling methods generally used in the USSR were not adequate for
perforuing slanting drillings, or for making the underground connections be-
tween the drilled openings. Kirichenko states that for drilling 75-meter open-
ings in the coal layer for the purpose of placing explosive charges, a Siemens-
Schuckert column-type drill crane was used, and also a Krelius ¢rane, but neither
was particularly well suited to that purpose, The same writer states that the
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Korfwan drill crane (Germany) and the PSB (USSR) were used because of their
durability and suitability for work conmected with underground gasification.

The machkime should be driven by an electric motor, and should be capable of
drilling botk in dry and in flooded layers, producing openings up to 225 meters,
vith diameters of 30 - 35 centimeters, at angles ranging from O to 90 degrees.
The drill should alsoc be equipped with apparatus which would permit drilling
even in an unevenly deposited leyer. To obtain the desired cross comnections ,
the following methods were used: hydraulic, consisting of applying water under
high pressures; filter, consisting of exploiting “he permeability of the layer
by gases; and electrical, consisting of passing a current between two electrodes
placed in the layer, vhich caused the burning out of the desired opening. It
has also been recommended that attempts be wade to use a stream of oxygen to burn
out the desired opening.

Construction Work

With the flow method, steel props ere necesgsary in the opening through
vhich gas is received, while in the blast shaft and tunnels, wooden props can
be used. If the system of periodic altermation of the direction of the blast
becomes accepted in the flow method, steel props would become necegsary in all
the shafts.

The type of comstruction vork depends on the form of the coal deposit, and
its porosity. In the initial attempts, when brick passages vere built for con-
ducting the ges, many difficulties were encountered in obtaining the gas. In
connection vith this, the use of gas pipes was tried. In 1939, there were no
suitable valve: for underground operations under remote control. This resulted
in the necessity of obtaining valves which would be suitable for the drill
method.

Determination of Location of the Fire Head

In the flov method, the coal is burned out asymmetrically, which makes
1t necessary to change the direction of the blest periodically. It 18 very
important to be able to determine from the earth's surface the depth and the
shape of the fire head. Many methods have been worked out: elecirical
methods, consisting of measuring the unimpaired portion of & cable placed in
the shaft; acoustic metheds, btaged on the phenomenon of the reflection of sound
from the fire boundury; measurements by means of thermocouples placed in the
openings; and geophysical methods.

The Problem of Adjacent Layers

The leyers adjecent to the degasification zones have presented DADY prehe-
lems, since the temperature of the process depends on the conductivity, plas-
ticity, and the melting of these layers.

The presence of adjacent limestone layers is disadvantageous, since their
decomposition may increase the CO; conten: of the gas. If the adjacent layers
are porous, special steps have to be taken in order to isolate the layers
uwndergoing degasification. 1In both cases, the drill method may be applied. A
classification of coal deposits with respect to their suitability for under-
ground gasification has been proposed.
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Thermal Phenomena in Underground Gasification

The filter method has been very successfully applied in the gasification
. of lignite in the Moscow Basin, because of its high content of ash which has
sultable proparties,

When this lignite is burned at temperatures below 1,200 degrees centigrade,
the ashes are porous, and they retain the shape and form of the layer. This is
sufficient to support the ceiling of the deposit, without disturbing the course
of the gasification. At temperatures of 1,300-1,400 degrees centigrade, the
ashes lose their porosity and at 1,500 degrees centigrade they float above the
layer of unburned lignite, which impedes gasification and creates the danger of
the roof collapsing. The behavior of the ashes is of particular importance where
the angle of dip of the layer is leass than 45 degrees. If the mngle of dip is
greater, the ashes flow into the previously burned-out empty spaces underneath
the fire zone, which makes it posaible <o maintain & continuoue blast to the
fire head. EHeat losses caused by the conductivity of the coal layer and of
adjacent layers are negligible; large losges may result from the presence of
considerable quantities of water.

The Use of Oxygen

By adding oxygen to the blaet, 1t 12 pogsible to decrease tnes relative
nitrogen content in the gas and %o obtain higher temperatures in the reaction
zone. In this way, a better proportion of carbon momoxide to carbon dioxide
should also be obtained. The €88 yield of the coal should also be increased,
Table 11 shows the percentage ~cmposition of gas obtained in Gorlovka under the
application of blasts with varying amounts of added oxygen.

Teble 11
Gas Compositicn {4 Calorific Value
“{kcal/cu m)
0 Q C o g CH N
2 paged 2 2 S
[£9]

21 8 0.2 12 1k 2.5 63.3 960

30 12 0.2 20 19 3.5 k5.3 k30

50 15 6.2 25 23 8.0 28.8 2080

T0 20 6.2 28 30 1¢.0 11.8 2540 3

In Qorlovka, & blast conteining £7-30 percent oxygen was most frequently
used. The use of oxygen increases production costs threefold, Large-scale oxygen
production and the use of oxygen-enriched air have become the subject of inten-
sive study in the USSR. Considerable efforts have been made to adapt the Kap-
itsa expsnsion turbine for industrial PuUposes.

Productivity of the Process

In the initial atiempts at underground gasification, only a small fraction
of the coal deposit underwent gasification. The reason for that was the col-
lapse of the roof after only partial burning out of the layer, which permitted
the air to escape from the reaction area. The gas produced would then mix with
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the air. Aftervaza, berause of better-develorad blowing technig.--, the oxida-

tion of the was by the exces: of wmrearied alr vas limited. The _.ow method is

advantagsous from the Point of viaw of dvelding coal losse  but it requires

appropriate running of the operation @0 that 8tray air currente under the blast,

¢ and cave-ins, are avoided, When the flow method 1s applied tc¢ level deposi.s
{Moscow and Kuzpetsk baeirns), scel Yosres reg2lt, lted aches cover the lowar
conl layere, which ars then preventel from ceéming inwe ccnbact with the blast. -
-Thiswas correctad by conducting the gaeification at ower temperatures, below
the melting point cf +hs ashes

Using under‘grdtmd gas1fication, a: mutn us 8C-90 percent of the coal may
be vtilized, while 1n mining only 60.70 parcent of the coal 16 exploited.

IFDUSTRIAL USE OF UNDERCGROUND =ASIFITATION 7K USSR

The problem of underground gaztfi-atiorn var part of the program covering
the industrial development in the 3e~opd ani Thrird Five-Year Plang in the USSR,
The Third Five-Year Plan envigaged the :upplying of 83k, obtained by the under-
ground gasificatisy 2ethod, to power fraticus, chemicsl plants, and communal
installations, !¢ +he operating t: ¢f an 2lectrogenerating plant, coupled
with an uniergroand ase-31fi-asy 107, 412 comparel with the operating costs
01 such 3 plant LIlLg generatir gsc oy 1oal-turning totlers, 14 appears that
with the uze of underground gas1f)s at1om stA%iong, the production coets are
lovered by 50-62'% perient, The gaa ri:n in hydreger, which 1s cbtained during
the nontlast perici ¢ the ¢low metaod, 17 zuitable for the synthesis of liquid
fuele by means of the Fisrhew -Trepsch method, and for ammoria 2ynthesis {after
previous remcval ¢f “he carbop wonceide ' Yefremernko and Talizhin recommend
the production of -.17ur apd tricsulfa%e at a plant for gae purification, It
has been propisad that epe g4? preduced in the Moscow Basip be trensmitted by
means of 4 ICG-kil-meter pipeline 2 the Moacow region, after praviously re-
moving from 1t the zarten 210x1de apna arriching §+ t4%zlyt{cally. The transg-
portation coat for pa: of low talirifi~ vslue 15 placei s+ 8.10 kopeks, per
kilometer, COmpuUtes In unite equlvilent 1. o6t tcn 0f ccal. The ~raneportation
cost 1¢ high-calorie gas wouls ve liwar, apd would amouns o 6-8 kopeke per
kilometer. I+ ¢e.vs 11_ig kepeks 1o tTanspors ome ton of ~gal cne kilometer
{1in the Dorets Pasin the figure wss 11.3% kopeks 1n 1937;,

The protlem of unisrground gasificasion 1o one of great zocial importance
to the UBSR, rerause of *he pos sibility o limit1ng, or even to & large extent
eliminating, urderground laber, It was annzucced 1n 1941 <has, while in Russian
coal mines 7 percent °f al: “o~kerz are wovkirg unierground, in underground
gasification plarts they <onssztyre caly 17 percent of the :rew, Aside from
this, the average work output per werker, .omputed in terms Gf heat units pro-
duced, increasex as mu-h as tenrold with the application of the underground
gaeification method, The Average Output par wovkas increazed from 30 tons
of coal a month, when wining methods vere used, to a quantity equivalent to
100-120 +ona Per menthn aonvertad +a hest umitz’, with underground gaeification.
Using large installatiors, it 1s pcezibla o attiin a quantity equivalent to
500-600 tons per monh.

Underground 1star raquires 7.8 timas fover vorker: in underground gasifi-
cation plants than in 2cal minas ‘Zcr the game heat valuye produced ),

The investment oats for an updsrground station are placed at 60-70 per-
cent of the coszta of rurface gazifizaticn, sceording to many publications,
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In the flow method, surface operations constitute 80-90 percent of the
vwork, and underground Ireparations of the layer constitute 14-15 percent.
With the filter method, the costs ghould be 15-20 percent lower. Por a com-
bine consisting of an underground gasificetion station and an electrogenerat.-

_ing plant, the investment costs are given at 15,000 rubles per kilowatt of
power, and the cost of production amounts to 4.6 kopeke per kilowatt-hour, in-
cluding wages and tranasportation costs smounting to 7-10 percent of the total,

are three times as much as the rroduction coets of gas obtained with an ordinary
blast.
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